We read with great interest the recent work by Kanno et al 1 describing the protective effect of nitric oxide (NO) against myocardial ischemia/reperfusion injury and were struck by the other phenomenon associated with it: superinduction of inducible NO synthase (iNOS) in endothelial NO synthase (eNOS) knockout mice. Although the exact mechanism is unknown and apparently "paradoxical," the absence of constitutive NO seems to increase inducible NO production. In this respect, the authors argued that the effect could be due to redox stress associated with the absence of NO.
Response
We are grateful to Dr Marco Colasanti and Prof Hisanori Suzuki for their comments and are pleased that they found our article of interest. They suggest a possible mechanism relating to our finding of superinduction of inducible nitric oxide synthase (iNOS) in the isolated hearts from endothelial NOS (eNOS) knockout mice subjected to warm ischemia reperfusion.
Recently Dr Marco Colasanti and Prof Hisanori Suzuki published a review in Trends in Pharmacological Science 1 that presents a plausible mechanism for the superinduction of iNOS observed in our experiment. According to their review and previous work, [1] [2] [3] [4] this paradoxical induction of iNOS can possibly be explained by the following hypothesis. Low concentrations of NO, maintained by the activity of constitutive NOS, suppress the activation of nuclear factor kB (NF-kB) under resting conditions. Therefore, it is reasonable to speculate that conditions that lead to a reduction in NO availability, such as suppressed or absent eNOS activity or removal of NO by other molecules (eg, oxygen radicals and heme-containing proteins), will facilitate NF-kB activation. Because NF-kB is one of the transcription factors required for the activation of the iNOS gene, this could contribute to the hyperinduction of iNOS. However, it is unlikely that this hypothesis alone explains the hyperinduction of iNOS. For instance, it does not explain the triggering mechanism for the activation of NF-kB and iNOS expression. This is most likely due to the increased production of oxygen radicals. Because NO can neutralize oxygen radicals, it is also possible that basal levels of NO have an antioxidant function and that the increased oxidative stress resulting from the absence of constitutive levels of NO contributes to the hyperinduction of iNOS at reperfusion. There is ample evidence that supplementation with low levels of NO donors or providing arginine can be protective in models of ischemia-reperfusion.
Finally, we thank Dr Marco Colasanti and Prof Hisanori Suzuki for kindly suggesting a possible mechanism of superinduction of iNOS observed in eNOS knockout mice.
